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(54) Apparatus for treatment of sleep apnea by electrical stimulation 



(57) An apparatus for opening an upper airway of a 
patient by applying electrical stimulation to a patient's 
hypoglossal nerve includes an electrode positioned in 
electrical contact with a selected portion of the patienfs 
hypoglossal nerve, means for applying a stimulating 
electrical current from the electrode to the hypoglossal 
nerve and means for intraoperatively verifying the posi- 



tion of the electrode or adjusting the position of the elec- 
trode until it can be seen that the correct muscles of the 
upper airway are being stimulated. In particular, in an 
intraoperative setting it is possible to determine whether 
the correct muscles are being stimulated by looking for 
forward and contralateral extension of the patient's 
tongue or an increase in volume of the patient's orophar- 
ynx. 
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Description 

[0001 ] This invention relates to an apparatus for treat- 
ment of obstructive sleep apnea and in particular to an 
apparatus for treatment in which the hypoglossal nerve 5 
is stimulated in order to open the upper airway of a pa- 
tient. 

[0002] Sleep apnea has been known for some time 
as a medical syndrome in two generally recognized 
forms. The first is central sleep apnea, which is associ- 10 
ated with the failure of the body to automatically gener- 
ate the neuro-muscular stimulation necessary to initiate 
and control a respiratory cycle at the proper time. Work 
associated with employing electrical stimulation to treat 
this condition is discussed in Glenn, "Diaphragm Pac- f 5 
ing: Present Status", Pace, V. I, pp 357-370 (July-Sep- 
tember 1978). 

[0003] The second sleep apnea syndrome is known 
as obstructive sleep apnea. Ordinarily, the contraction 
of the dilator muscles of the upper airways (nose and 20 
pharynx) allows their patency at the time of inspiration. 
In obstructive sleep apnea, the obstruction of the air- 
ways results in a disequilibrium between the forces 
which tend to their collapse (negative inspiratory 
transpharyngeal pressure gradient) and those which 25 
contribute to their opening (muscle contraction). The 
mechanisms which underlie the triggering of obstructive 
apnea include a reduction in the size of the superior air- 
ways, an increase in their compliance, and a reduction 
in the activity of the dilator muscles. The dilator muscles 30 
are intimately linked to the respiratory muscles and 
these muscles respond in a similar manner to a stimu- 
lation or a depression of the respiratory center. The ven- 
tilatory fluctuations observed during sleep (alternately 
hyper and hypo ventilation of periodic respiration) thus 35 
favour an instability of the superior airways and the oc- 
currence of oropharyngeal obstruction. The respiratory 
activation of the genioglossus has been particularly not- 
ed to be ineffective during sleep. The cardiovascular 
consequences of apnea include disorders of cardiac 40 
rhythm (bradycardia, auriculoventricular block, ventricu- 
lar extrasystoles) and hemodynamic (pulmonary and 
systemic hypertension). This results in a stimulatory 
metabolic and mechanical effect on the autonomic nerv- 
ous system. The electroencephalographic awakening 45 
which precedes the easing of obstruction of the upper 
airways is responsible for the fragmentation of sleep. 
The syndrome is therefore associated with an increased 
morbidity (the consequence of diurnal hypersomno- 
lence and cardiovascular complications). 50 
[0004] A method for treatment of obstructive sleep- 
apnea syndrome is to generate electrical signals to stim- 
ulate those nerves which activate the patient's upper air- 
way muscles in order to maintain upper airway patency. 
For example, in U.S. Patent 4,830,008 to Meer, inspir- 55 
atory effort is monitored and electrical signals are direct- 
ed to upper airway muscles in response to the monitored 
inspiratory effort. Or, in U.S. Patent 5,123,425 a collar 



contains a sensor to monitor respiratory functioning to 
detect an apnea episode and an electronics module 
which generates electrical bursts to electrodes located 
on the collar. The electrical bursts are transferred tran- 
scutaneous^ from the electrodes to the nerves inner- 
vating the upper airway muscles. Or in U.S. Patent 
5,174,287 issued to Kallok, sensors monitor the electri- 
cal activity associated with contractions of the dia- 
phragm and also the pressure within the thorax and the 
upper airway. Whenever electrical activity of the dia- 
phragm suggests that an inspiration cycle is in progress 
and the pressure sensors show an abnormal pressure 
differential across the airway, the presence of obstruc- 
tive sleep apnea is assumed and electrical stimulation 
is applied to the musculature of the upper airway. Or, in 
U.S. Patent 5, 1 78, 1 56 issued to Wataru et al, respiration 
sensing includes sensors for sensing breathing through 
left and right nostrils and through the mouth which iden- 
tifies an apnea event and thereby triggers electrical 
stimulation of the genioglossus. Or, in U.S. Patent 
5,1 90,053 issued to Meer, an intra-oral, sublingual elec- 
trode is used for the electrical stimulation of the gen- 
ioglossus to maintain the patency of an upper airway. 
Or in U.S. Patent 5,21 5,082 issued to Kallok et al, upon 
sensing of the onset of an apnea event, a stimulation 
generator provides a signal for stimulating the muscles 
of the upper airway at a varying intensity such that the 
intensity is gradually increased during the course of the 
stimulation. In WO-A-9318820 there is disclosed an ap- 
paratus for improving muscle tone using chronic sub- 
threshold electrical stimulation. 

[0005] One problem which has not been addressed 
with these methods is that of how to ensure the stimu- 
lation of the correct muscular structures in the upper air- 
way in each patient. For example, like many peripheral 
nerves, the hypoglossal nerve contains fascicles inner- 
vating antagonistic muscles like the genioglossus mus- 
cle which extends the tongue and also the styloglossus 
muscle which retracts the tongue. In addition, the hy- 
poglossal nerve is near other structures which should 
not be stimulated. Moreover, an-electrode intended to 
stimulate the hypoglossal nerve must be placed through 
a minimal sized incision which makes anatomical iden- 
tification difficult and, with the patient intubated, meas- 
urements of airflow are impossible. The effects of stim- 
ulating the hypoglossal nerve have been described in 
animal studies such as in Abd-EI-Malek, A contribution 
to the study of the movements of the tongue in animals, 
with special reference to the cat, J.Anat. 73: 15-30, 
1938. Therefore, it is desirable to have a means for re- 
liably stimulating only that portion of the nerve trunk 
which innervates the desired muscles or to have a 
means for selective placement of electrodes on specific 
portions of the hypoglossal nerve which are effective in 
opening the patient's airway. 

[0006] It has been known for many years that a tripolar 
electrode arrangement can confine a stimulus current 
to the nerve cuff. (Seee.g.Testerman, R.L. etal., Design 



2 



3 



EP 1 306 104 A2 



4 



and evaluation of nerve stimulating electrodes , Med Res 
Eng 10: 6-11, 1971.) Also, as shown in Sweeny, J.D. et 
al., A nerve cuff technique for selective excitation of pe- 
ripheral nerve trunk regions , IEEE Trans Blomed Eng 
37: 706-715, 1990, the tripotar arrangement of elec- 
trodes is more selective than a monopolar arrangement. 
This selectivity can be enhanced by the use of one or 
more "steering" electrodes. The electrode must be in 
close contact with the nerve in order for the selectivity 
to work. (See e.g. McNeil, D.R. et al, Selective activation 
using peripheral nerve electrodes, Med & Biol Eng & 
Comput 23: 249-253, 1 985.) Several self-sizing cuff de- 
signs have been proposed which can fit snugly around 
the nerve without damage such as those disclosed in U. 
S. Patents 4,573,481 ; 4,602,624; and 5,095,905. How- 
ever, some of these designs tend to be fragile and diffi- 
cult to install. An alternative to using these specialized 
electrodes is to use a more universal half-cuff design 
such as that disclosed in U.S. Patent 5,344,438. 
[0007] But, even if a half-cuff electrode is used, the 
surgeon implanting the electrode needs to be able to 
place the electrode precisely at the point on the nerve 
where effective stimulation can be applied to open the 
airway. 

[0008] It is therefore an object of the present invention 
to enable precise location of one or more stimulation 
electrodes to selectively stimulate muscles to open the 
airway of a patient. 

[0009] It is also an object of the present invention to 
enable selective stimulation of the nerve trunk of the hy- 
poglossal nerve to selectively stimu late muscles to open 
the airway of a patient. 

[0010] It is also an object of the present invention to 
provide apparatus for making a determination of correct 
electrode placement. 

[0011] According to one aspect of the present inven- 
tion, there is provided an apparatus for testing the open- 
ing of an upper airway of a patient when applying elec- 
trical stimulation comprising: 

(a) electrode means adapted to be positioned to 
provide stimulation to an upper airway muscle of the 
patient; 

(b) electrical generating means for supplying cur- 
rent to the electrode; and 

(c) means for identifying an increase in volume of 
the patient's oropharynx in response to current sup- 
plied to the electrode. 

[001 2] The apparatus is used in a method for opening 
an upper airway of a patient by applying electrical stim- 
ulation to the patient's hypoglossal nerve includes posi- 
tioning of an electrode into electrical contact with a se- 
lected portion of the patient's hypoglossal nerve, apply- 
ing a stimulating electrical current from the electrode to 
the hypoglossal nerve and then monitoring the patient's 
response to verify the position of the electrodes intraop- 
eratively and/or to adjust the position of the electrode 



until it can be seen that the correct muscles of the upper 
airway are being stimulated. In particular, in an intraop- 
erative setting jt is possible to determine whether the 
correct muscles are being stimulated by looking forfor- 
5 ward and contralateral extension of the patient's tongue 
or an increase in volume of the patient's oropharynx. 
[0013] With this apparatus, it has been found that spe- 
cific locations on the hypoglossal nerve can be used to 
selectively stimulate the upper airway muscles so that 
airway patency is increased during the inspiratory phase 
of the respiratory cycle. For example, a portion of the 
hypoglossal nerve can be dissected from the fibers of 
the patient's genioglossus or hyoglossus muscle and 
stimulated to improve airway patency. Other candidates 
for improved airway patency include a location on a me- 
dial main nerve trunk or proximal main nerve trunk of 
the hypoglossal nerve. However, when stimulating 
some of these areas, it is necessary to avoid stimulation 
of all of the antagonistic muscles innervated by that 
nerve by using a multipolar electrode with the stimula- 
tion current applied to one or more selected electrode 
poles on the multipolar electrode so as to select the 
muscles to be stimulated. Preferably, at least the gen- 
ioglossus muscle is stimulated and the hypoglossus and 
sternohyoid muscles are not activated in order to pro- 
vide an improvement in the airway opening. 
[0014] In a preferred arrangement, the increase in vol- 
ume of the oropharynx is identified by a decrease in 
pressure in a balloon occupying the patient's orophar- 
ynx. The stimulating electrical current is provided to the 
electrode in a series of regular pulses interrupted by in- 
tervals without a stimulating electrical current. When the 
balloon pressure decreases during the stimulation puls- 
es, the stimulation is causing the volume of the orophar- 
ynx to increase which indicates that the stimulation is 
stimulating the correct muscles to improve airway pat- 
ency by activating the dilator muscles. 
[0015] The preferred method for testing the opening 
of the airway can be incorporated into an apparatus 
which will provide an instrumented indication of the cor- 
rect positioning of the electrode. An electrode is posi- 
tioned on the patient to be stimulated to stimulate the 
desired upper airway muscles, a pulse generator suita- 
ble for neurostimulation is connected to the electrode 
and a pressure transducer connected to a balloon or 
other device is used to identify an increase in volume of 
the patient's oropharynx in response to current supplied 
to the electrode. A series of stimulation pulses is sent to 
the electrode and the pulses are automatically transmit- 
ted to a recording device and/or a display device such 
as a strip recorder which marks the stimulation period. 
Also connected with the strip recorder is the output from 
the pressure transducer which provides a trace of the 
balloon pressure on the strip recorder. When the pres- 
sure in the balloon is shown to decrease as the stimu- 
lation is applied, an increase in volume of the orophar- 
ynx is indicated and the correct muscles are being stim- 
ulated to increase patency of the airway. 
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[0016] The following is a detailed description of a pre- 
ferred embodiment of the present invention, given by 
way of example only, with reference to the accompany- 
ing drawings. 

[0017] Fig. 1 is a schematic diagram showing the lo- 
cation and operation of the muscles of the upper airway. 
[0018] Fig. 2 is a schematic diagram showing the lo- 
cation of the hypoglossal nerve and its branches in re- 
lation to the muscles of the upper airway together with 
possible locations suitable for electrode placement. 
[0019] Fig. 3 is s schematic diagram of the head of a 
patient showing a forward and contralateral extension 
of the patient's tongue which is typical in response to 
effective stimulation. 

[0020] Figs. 4 and 5 are perspective views of a half- 
cuff electrode and an associate lead in relation to a 
nerve. Two methods of appropriate strain relief tech- 
nique for the lead are illustrated. 
[0021] Fig. 6 is a schematic view of an apparatus for 
testing electrode positioning 

[0022] Figs. 7 and 8 are charts showing traces of bal- 
loon pressure during stimulation and the effect of posi- 
tioning an electrode in two different positions on the hy- 
poglossal nerve. Fig. 7 shows the reduction of pressure 
due to stimulation at a distal portion of the nerve. Fig. 8 
shows the increase in pressure due to stimulation at a 
more proximal portion of the nerve. 
[0023] The present invention relates to an apparatus 
for opening an upper airway of a patient by application 
of electrical stimulation which activates muscles of the 
patienfs upper airway in a manner favorable to the pa- 
tency of the airway, 

[0024] Muscle structures of the upper airway are 
shown schematically in Fig. 1 together with the direc- 
tional effects of their contractions on various airway 
structures. The symphysis and mental process portions 
of the lower jaw are indicated generally by numeral 10 
while the hyoid bone is indicated by numeral 15. The 
tongue is indicated by numeral 20. Depressor muscles 
of the hyoid 15 and pharynx indicated generally by the 
numeral 21 include the sternohyoid 22, the sternothy- 
roid 24 and the thyrohyoid 26. The sternohyoid 22 ex- 
tends upward from the sternum and clavicle (not shown) 
and is attached to the hyoid 15. The sternothyroid 24 
extends upward from the sternum and cartilage of the 
first rib (not shown) and is attached to the thyroid carti- 
lage (not shown). The thyrohyoid 26 extends from the 
thyroid cartilage, appearing as an extension of the ster- 
nohyoid 24, and passes upward to attachment with the 
hyoid 15. These depressor muscles 21 depress the lar- 
ynx and hyoid 1 5. Since a net forward force on the hyoid 
15 and the tongue is desirable for increasing the open- 
ing of the upper airway, stimulation of the depressor 
muscles 21 should be avoided during stimulation of up- 
per airway muscles. The geniohyoid muscle 30 is one 
of the elevator muscles of the hyoid 1 5. The geniohyoid 
muscle extends from the inner side of the symphysis of 
the lower jaw 1 0 to the hyoid 1 5. The geniohyoid muscle 



30, as an elevator muscle for the hyoid 15 and the base 
. of the tongue 20, will tend to increase the opening of the 
upper airway when stimulated to contraction. The gen- 
ioglossus 35, styloglossus 40 and hyoglossus 45 mus- 
5 cles are extrinsic muscles of the tongue 20. The gen- 
ioglossus 35 has points of attachment with the lower jaw 
10, the tongue 20 and hyoid 15. The genioglossus 35, 
by means of its posterior fibers, draws the base of the 
tongue 20 forward so as to protrude the apex of the 
tongue 20 from the mouth. Contractile stimulation of the 
genioglossus 35 therefore also has the effect of increas- 
ing the opening of the upper airway. The styloglossus 
40 extends from the styloid process (not shown) to the 
tongue. The styloglossus 40 therefore draws the tongue 
upward and backward. Contractile stimulation of the sty- 
loglossus 40 therefore tends to reduce the opening of 
the upper airway. The hyoglossus 45 extends from the 
hyoid 15 to the tongue 20. The hyoglossus 45 tends to 
retract the tongue 20 and to depress the tongue 20 at 
its sides so as to render it convex from side to side. Con- 
tractile stimulation of the hyoglossus 45 therefore tends 
to create retraction and balling of the tongue 20 which 
is undesirable for increasing the opening of the upper 
airway. 

[0025] The muscles indicated above are innervated 
by the hypoglosssal nerve as shown schematically in 
Fig. 2. The hypoglossal nerve indicated generally by nu- 
meral 50 includes a proximal main nerve trunk 55 which 
divides into the ansa cervicalis branch 60 and a first me- 
dial nerve trunk 65. The ansa cervicalis branch 60 in- 
nervates the sternothyroid muscle 24 and the sternohy- 
oid muscle 22. The first medial nerve trunk 65 includes 
a branch 66 innervating the thyrohyoid muscle 26, a 
branch 68 innervating the styloglossus muscle 40, and 
a branch 70 innervating the hyoglossus muscle 45. An 
extension of the first medial nerve trunk 65 is a second 
medial nerve trunk 71 which has a branch 72 innervating 
the geniohyoid muscle 30. An extension of the second 
medial nerve trunk 71 is a third medial nerve trunk 73 
which includes a branch 74 innervating the muscles of 
the tongue 20, and a branch 76 innervating the gen- 
ioglossus muscle 35. 

[0026] It can readily be appreciated that nonselective 
stimulation of the hypoglossal nerve 50 at the proximal 
main nerve trunk 55 would cause antagonistic contrac- 
tion of muscles which would have an adverse effect on 
the opening of the upper airway. Therefore, stimulating 
nonselectively at reference point "A" of Fig. 2 causes all 
fibers in the hypoglossal nerve 50 to be activated . The 
net result is a net forward force on the hyoid 15 but the 
tongue 20 tends to pull back and down, restricting the 
airway. A similar restrictive result is also achieved by 
nonselective stimulation of the first medial nerve trunk 
65 at reference point "B" of Fig. 2 except that depressor 
muscles 21 (i.e. the sternohyoid 22 and the sternothy- 
roid 24) are not activated. Stimulation of the second me- 
dial nerve trunk 71 at reference point M C" of Fig. 2 further 
avoids activation of the thyrohyoid 26, the hyoglossus 
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45 and the sternoglossus 40 muscles. Therefore, the 
tongue 20 is pulled forward, increasing the opening of 
the upper airway. There is still some balling of the tongue 
20 due to the mass action of the intrinsic tongue mus- 
cles. If the electrode were instead placed at reference 
point "D" on branch 76, the balling of the tongue would 
be alleviated. However, due to the practical difficulty of 
dissecting branch 76 from the underlying musculature 
to place the electrode, it may be necessary to accept 
some balling of the tongue by moving the electrode 
more proximally onto the third medial nerve trunk 73 or 
onto the second medial nerve trunk 71 . 
[0027] Therefore, with nonselective electrodes, clini- 
cally effective stimulation of the hypoglossal nerve 50 
cannot be provided on the proximal main nerve trunk 55 
or on the first medial nerve trunk 65. Selective stimula- 
tion of branch 76 of the hypoglossal nerve 50 at refer- 
ence point "D" to innervate the genioglossus muscle 35 
could be effective to improve airway patency if that could 
be operatively accomplished on the patient. Alternative- 
ly, selective stimulation of branches 74 and 76 by stim- 
ulation of the third medial nerve trunk 73 to innervate 
the genioglossal muscle 35 and the intrinsic muscles of 
the tongue 20 or branches 72, 74 and 76 by stimulation 
of the second medial nerve trunk 71 to innervate the 
genioglossal muscle 35, the geniohyoid muscle 30 and 
the intrinsic muscles of the tongue 20 could also be ef- 
fective to improve airway patency. In yet another alter- 
native, electrodes could be applied to both branches 72 
and 76 to innervate the genioglossal muscle 35 and the 
geniohyoid muscle 30. With a selective, multipolar elec- 
trode, the electrode may be placed on the proximal main 
nerve trunk 55 at point "A" or on the first medial nerve 
trunk 65 with the optimal combination of electrode poles 
used to selectively stimulate the desired nerve fascicles. 
The effect is similar to placing whole nerve electrodes 
on the desired fascicles at a more distal point along the 
distal main nerve trunk 65. 

[0028] In order to establish that an electrode (either a 
non-selective, whole nerve electrode or a selective, mul- 
ti-polar electrode) is properly positioned in the patient is 
it desirable to intraoperatively evaluate the effect of a 
stimulation current provided to the electrode. The im- 
plantation procedure can be carried out generally as fol- 
lows: 

1 . After introduction of general anesthesia, insert a 
nasal endotracheal tube for passage of gases. This 
will allow unimpaired observation of tongue move- 
ment. 

2. Prepare and drape the neck in the usual sterile 
fashion. Fully extend the neck, so that the lead can 
be implanted in its fully extended position. 

3. Make a horizontal skin incision along a natural 
skin crease approximately 4 centimeters below the 
lower edge of the horizontal portion of the mandible. 
Extend the incision through the subcutaneous tis- 
sues and the platysmal muscle. Expose the digas- 



tric muscle. 

4. Reflect the submandibular gland superiorly. Iden- 
tify the hypoglossal nerve coursing in an anterior di- 
rection just above and medial to the anterior belly 

5 of the digastric muscle. 

5. Follow the nerve distally until the nerve begins to 
branch, usually just beneath the posterior border of 
the mylohyoid muscle. Using blunt dissection, free 
enough of the hypoglossal nerve from the underly- 
ing hyoglossus muscle to allow the electrode to be 
inserted. Preferably, a half-cuff electrode is used 
such as that disclosed in U.S. Patent 5,344,438. A 
whole nerve stimulating configuration of the elec- 
trode can be used in this location since the portion 
of the hypoglossal nerve exposed by this procedure 
is intended to correspond to a position approximat- 
ing reference points "C" or "D" of Fig. 2. 

6. Just distal to the posterior of the mylohyoid mus- 
cle, the hypoglossal nerve generally splits into a 
medial and lateral bundle. As shown in Figs. 4 and 
5, place the electrode 90 on the medal bundle as 
shown in Figs. 4 and 5. Since the anatomy is quite 
variable, the placement must be verified physiolog- 
ically. 

7. Verify the effective placement by applying a stim- 
ulation current to the electrode. As shown in Fig. 3, 
with proper placement, the application of electrical 
current 80, the tongue 20 should extend forward 
and contralateral ly with respect to the patient's 
mouth 85. With ineffective placement, the tongue is 
often pulled ipsi laterally. If placement is judged to 
be ineffective, the electrode should be removed and 
placed on a different branch of the hypoglossal 
nerve. The placement is then again verified by ap- 
plying a stimulation current. 

8. As shown in Figs. 4 and 5, secure the electrode 
in place and secure the lead 96 in place with a strain 
relief loop 95 in the lead 96 extending from the elec- 
trode 90 near the electrode 90 or route the lead 96 
so that strain will not be directly applied to the nerve. 

[0029] As an alternative to observing the tongue dur- 
ing the implantation procedure, a device for measuring 
the oropharynx can be used in order to determine 
whether the stimulation current applied to the electrode 
causes an increase in volume of the oropharynx show- 
ing the improvement in airway patency due to stimula- 
tion. For example, a balloon can be placed into the 
oropharynx with a measurement of balloon pressure 
used to identify the relative increase or decrease in vol- 
ume of the oropharynx as stimulation is applied. Fig. 6 
shows schematically an apparatus for carrying out such 
a pressure measurement. A patient 95 is shown with an 
electrode 90 on a portion of the distal main nerve trunk 
65 of the hypoglossal nerve. The electrode 90 is con- 
nected to a nerve stimulator 100. The nerve stimulator 
1 00 includes a stimulation output 1 02 for applying stim- 
ulation pulses to the electrode 90 and an monitoring out- 
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put 104 for monitoring the stimulation signal. Conven- 
tional controls for amplitude, duration of stimulation and 
the like are also included. A balloon 1 1 0 is placed in the 
oropharynx of the patient 95 as shown. The balloon 1 1 0 
is an elastic balloon that is inflated until it occupies the 
oropharynx. A Pressure transducer 112 monitors the 
pressure in the balloon and transmits a pressure signal 
to an amplifier 1 15 to an FM tape, recorder 11 6 at a first 
input 117. The tape recorder 1 1 6 also includes a second 
input 118 to be connected to with the monitoring output 
1 04 of the nerve stimulator 1 00. A chart recorder 1 20 is 
connected to the tape recorder 116 to monitor both a 
signal from the balloon 1 1 0 and from the nerve stimula- 
tor 1 00. The output from such an apparatus is shown In 
Figs. 7 and 8. A first trace 1 25a, 1 25b indicates whether 
stimulation is turned on or off. The second trace 130a, 
130b gives the pressure in the balloon as stimulation is 
turned on or off. Only the relative pressures are to be 
considered in the test since the absolute pressure de- 
pends on the original pressure to which the balloon 110 
is inflated at the commencement of the test. The stimu- 
lating electrical current is provided to the electrode 90 
in a series of regular pulses interrupted by intervals with- 
out a stimulating electrical current. As shown in Figs. 7 
and 8, a pulse duration and pulse interval of two seconds 
each is adequate to test the concept. If desired, the du- 
ration and frequency of the pulses can be made to sim- 
ulate the pattern to be employed in the treatment of 
sleep apnea - e.g. with each pulse roughly as long as 
the inspiratory phase of the patient's respiratory cycle 
and with the interval between pulses roughly as long as 
the remainder of the respiratory cycle. As shown in Fig. 

7, when the balloon pressure trace 130a decreases as 
the stimulation trace 125a indicates that the stimulation 
is turned on, the stimulation is causing the volume of the 
oropharynx to increase which indicates that the stimu- 
lation is stimulating the correct muscles to improve air- 
way patency. This figure represents an electrode posi- 
tioned at reference point "C" of Fig. 2. As shown in Fig. 

8, when the wrong muscles are being stimulated the bal- 
loon pressure trace 130b shows an increase in balloon 
pressure as the stimulation trace 1 25b shows that stim- 
ulation is turned on. This indicates that the muscles be- 
ing stimulated are actually constricting the airway and 
that the position of the electrode must be changed. This 
figure represents an electrode positioned at reference 
point "B u of Fig. 2. 

[0030] It will be appreciated by those skilled in the art 
that while the invention has been described above in 
connection with particular embodiments and examples, 
the invention is not necessarily so limited and that nu- 
merous other embodiments, examples, uses, modifica- 
tions and departures from the embodiments, examples 
and uses may be made without departing from the in- 
ventive concepts as defined by the claims. 



Claims 

1. An apparatus for testing the opening of an upper 
airway of a patient when applying electrical stimu- 

5 lation comprising: 

(a) electrode means (90) adapted to be posi- 
tioned to provide stimulation to an upper airway 
muscle of the patient; 
10 (b) electrical generating means (100,102) for 

supplying current to the electrode; and 
(c) means (1 00,1 04) for identifying an increase 
in volume of the patient's oropharynx in re- 
sponse to current supplied to the electrode. 

15 

2, The apparatus of claim 1 wherein the electrode 
means is positioned to stimulate a selected portion 
of the hypoglossal nerve. 

20 3. The apparatus of claim 1 or 2 wherein the generat- 
ing means Includes means for providing a series of 
stimulation pulses interrupted by intervals without 
stimulation. 



25 4. The apparatus of claim 1,2 or 3 wherein the means 
for identifying an increase in the volume of the pa- 
tients' oropharynx includes means for displaying an 
indication of the relative volume of the oropharynx 
as the stimulation is provided. 

30 

5. The apparatus of any of claims 1 to 4 wherein the 
means for identifying an increase in volume of the 
patient's oropharynx includes a balloon (110) posi- 
tioned in the patient's oropharynx, 

35 
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